Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


A44 
AL23 


UNITED  STATES 
DEPARTMENT  OF  AGRICULTURE 
LIBRARY 


(iiamscript  of  papar  intended  ±or  publication  in 
the  Journal  of  Dair^^  tcience.')      ij,^  ,  g 

^  1/ 

i-iAGiGSIUil  IM  THI  CASiilll-CutiTAliililG  COI^UID  0?  itCLA.i' 

Thomas  G,  iilexander  and  T.  ?•  Ford 

Dairy  Products  Section^  oJasjern  Utilization  liesearch  and 
Developi.ient  Division,  Agricultural  xlesearch  Service, 
U.S.D.A.,  ^./ashington  2$,  C. 

Ii^TRODUCTIOil 

The  magnesiuTii  content  of  iiiilk,  as  reported  in  the  literature, 
varies  widely,  iroiii  a  Liinir.iura  of  0,0092^    to  a  maxiinun  of  0.0236/^ 
(3^  11)*    There  is  also  consic'erable  variation  m  reported  figures 
for  the  proportion  of  niar^nesium  in  r.iilk  that  is  insoluble,  i*e«, 
dispersed  as  port  of  the  colloidal  s"^^ste-^,    Reported  proportions 
of  non-dialyzable  magnesium  ran^e  from  13  to  3^%  of  the  total 
(l,  7)  ana  of  magnesium  retained  b;^  the  Pasteur-Chamberlain  filter 
tube,  froiii  G  to  3U/j  of  the  total  (11  )•    l^e  Kadt  and  Van  liinnen, 
however,  found  appreciably,  less  variation  in  the  magnesium  content 
of  milic  and  in  the  proportion  of  ohe  total  magnesium  that  is  re- 
moved as  part  of  the  colloid  s'^stem  by  centriiugation  (3),  Al- 
though these  authors  suggested  that  the  magnesium  is  being  throvrn 
out  as  magnesium  citrate.  Ford,  et  al,  (5)  considered  the  centri- 
fugable  magnesium  to  be  part  of  the  calcium-caseinate-calcium 
phosphate  complex,  and  to  be  present  in  a  molar  concentration  one- 
fifteenth  that  of  calciui.i. 
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The  work  here  reported  uas  unc'ertaken  to  deterroine  more 
precisely  the  amount  of  magnesium  removed  by  centrifugation^  to 
check  the  calcium: magnesium  ratio  used  by  i''ord    et  al.,  and  to 
establish,  if  possible,  x^rhether  the  magnesiura  is  present  as  a  p&rt 
of  the  casein  coraplex  or  as  magnesiui.i  citrate. 

EXPERIiiSiJTAL  PnCCEDlLlS 

Saraple  Preparation;    Tito  methods  were  employed  for  preparation 
of  saraples.    In  the  first,  the  colloids  xrere  separated  in  a  centri- 
fuge having  a  large (50  ml)  air-driven  bowl  rotor,  twice  redispersed 
in  water  and  redeposited^  these  washed  colloids  were  then  analyzed 
for  magnesiuiii,  calcium  and  citrate  content.    This  separation  and 
washing  technique  has  been  described  elsewhere($,8).    Such  washed 
colloids  xfere  first  prepared  by  Ilamsdell  and  '.niittier(9)  who, 
hoX'fever,  used  a  Sharpies  supercentrifuge  for  the  separation. 

The  second  method  of  preparation  was  the  depletion  technique 
described  by  Ford  et  al.(5),  using  the  $0  ml.  bowl  rotor  and 
analyzing  progressively  depleted  liquid  samples  for  calciuiii, 
magnesium  and  nitrogen. 

Methods  of  Analysis;    iiagnesium  x^as  determined  by  the  method 
described  by  Hunter (6),  for  plant  materials.    Citrate  x-jas  determined 
by  the  method  of  Deysher  and  Holm(U),  suspensions  for  analysis 
being  prepared  by  soaking  the  x^^ashed  colloid  in  M/30  WaOH.  The 
methods  used  for  nitrogen  and  calcium  x^ere  those  described  in  the 
paper  by  Ford  et  al.(5). 
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RjiSULTS 

A  summary  of  the  analyses  of  double-x^^slied  complex  is  given 
in  Table  I.    No  citrate  T\ras  detected  in  any  of  these  double-washed 
colloids. 

TABL2  I 

Results  of  analysis  of  various  double -x^ashed 
centrifu.^ally  deposited  colloids. 

Calcium  ilagnesium  iiol  Ratio, 

Tj^pe  of  iiilk  percent  percent  Calcium:riagnesium 

Jersey  Mo.  1  2.^5  0.131  11.7 

Jersey  No,  2  2.6?  0.120  13.7 

Jersey  No.  3  2.90  0.120  lU.J 

Herd  No.  1  2.8l  0.110  1$.3 

Herd  No.  2  2.69  0.101  l6.0 

Holstein  No.  1                2.86  0.120  1U.3 

Holstein  No.  2                 2.72  O.O96  17>0 

Averages  2.7l|.  O.llU  lli..6^/ 

a/  This  corresponds  to  a  weight  ratio  of  2l(.0:l. 

Figure  1  shoxfs  the  relationship  betxjeen  calcium  and  magnesium 
content  and  nitrogen  content  on  liquid  saiaples  as  the  colloids  are 
progressively  removed  by  centrifugation.    It  can  be  seen  that  both 
calcium  and  magnesium  are  being  throT^rn  out  along  x^-ith  nitrogen  in 
approxiiiiately  constant  ratios.    The  average  raol  ratio  of  calcium 
removed  to  laa^^nesiujii  removed  given  by  the  slopes  of  these  lines 
is  12.1;il.    In  Figure  1  the  values  plotted  are  the  differences  be- 
tween analyses  on  the  original  skiiii  milk  and  on  the  centrifuged 
seniiiis  • 

DISCUSSION 

The  mol  ratios  obtained  for  both  deposits  and  serums  are  of 
the  same  order  of  magnitude  as  those  calculated  from  the  data  of 
De  Kadt  and  Van  liinnen  (3).    They  reported  six  analyses  of  skiiri 


milks  and  corresponding  centrifur^ed  serui'as,  frciTi  which  laol  ratios 
of  Ip.O  to  21*5  (average  I8.3)  can  be  calculated,  and  two  analyses 
of  unwashed  deposits  giving  mol  ratios  of  l3,2  and  l5.6.  Ford, 
Raiasdell,  and  Landsman  (unpublished  data)  obtained  the  ratios  13 •  8 
and  16,9  by  analysis  of  unwashed  and  washed  deposits. 

De  Kadt  and  Van  ilinnen^s  suggestion,  that  magnesium  is  thrown 
out  as  magnesium  citrate,  is  neither  supported  nor  completely  ruled 
out  by  the  present  results.    Their  analyses  were  on  unwashed  deposits, 
and  since  our  washed  deposits  give  no  test  for  citrate,  but  do 
contain  raagnesiura,  it  must  be  concluded  that  such  iaagnesium  is  not 
present  as  magnesiura  citrate.    De  Kadt  and  Van  ilinnen's  unleashed 
deposits  contain,  however,  i.iore  citrate  than  can  be  accounted  for 
as  citraoe  proportional  to  the  entrained  serum  vjater.  liore 
elaborate  experiraents  will  be  required  to  determine  the  condition 
of  this  excess  citrate. 

If  milk  averages  y,'^  casein-containing  colloid  and  the  colloid 
is  O.llU/O  magnesium,  then  milk  contains  0.0033^  magnesium  associ- 
ated x^rith  the  colloid.    Taking  the  total  magnesiura  content  to  be 
0.012/b  (based  on  data  given  in  references  3  and  11,  and  on  an 
average  value  of  0.011^  given  by  analyses  run  in  this  laboratory), 
then  about  one-third  of  the  magnesium  in  milk  is  in  combination 
with  the  colloid.    This  compares  ^-rith  De  Kadt  and  Van  >linnen's 
25/0  for  the  amount  of  the  magnesium  that  is  thrown  out  by  oentri- 
fugation. 

Reference  has  been  made  to  data,  reported  bjr  Van  Slyke  and 
Bosworth(ll),  on  the  amounts  of  calcium  and  magnesima  retained 
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by  Pasteur-Chaniberlain  filter  tubes.    These  authors  also  give 

results  of  analysis  of  the  original  skim  railks.    Therefore,  calcium 

to  magnesium  ratios  for  the  retaineci,  colloids  can  be  calculated 

from  their  data.    Columns  "2"  and  "3"  of  Table  II  are  calculated 

from  Table  III  of  the  article  by  Van  Slyke  and  Bosworth.  Column 

"U"  is  coluron  "2"  divided  by  column  "3",  and  multiplied  by  the 

atomc  weight  factor,  2l4.3:i|0.1. 

T;iBLS  II 

Calcium rmagnesium  ratios 
for  the 
retained  colloids 
(Calculated  from  the  data  of  Van  Slyke  and  Bosr^orth) 
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Noting  that  De  Kadt  and  Van  iiinnen*s  figures  indicate  25/^ 


of  the  magnesium  to  be  colloid-bound,  that  dialysis  experiments 
(1,7)  indicate  13  to  38/c),  and  that  our  data  indicate  about  33/^, 
it  is  suggested  that,  since  Van  Slyke  and  Bosworth*s  high  calcium 
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to  magnesium  ratios  always  coincide  uith  low  retention  of  magnesium 
and  of  calcium  by  their  filters,  it  is  probable  that  in  these  cases 
the  pores  were  too  coarse  to  properly  retain  the  casein-containing 
colloid.    It  is  suggested,  therefore,  that  these  particular  ratios 
can  be  ignored.    The  remaining  results  are  lauch  more  consistent 
among  themselves;  and  the  indicated  calciumrmarnesium  ratios  at 
high  retention  values,  are  in  good  agreement  with  the  results 
presented  here. 

In  a  recent  article.  Van  Kreveld  and  Van  iiinnen(lO)  state 
that  one-si:cth  of  the  magnesium  in  r.iilk  is  present  in  ionic 
form.    Christiansen,  Jenness,  and  Uoulter(2),  report  0.82  to  0.85 
milliraoles  of  magnesiuin  ion  in  a  liter  of  milk.    Since  there,  are, 
on  the  averar^e,  a  total  of  about  5  riiillii.ioles  of  magnesium  in  a 
liter  of  milk,  their  figures  also  indicate  that  about  one-sixth 
of  the  magnesium  is  present  in  the  ionic  form.    Thus,  subtracting 
one-si:cth  (present  as  ions)  plus  one-third  (associated  with  the 
colloid)  from  the  total,  there  remains  about  one -half  of  the 
magnesium  in  milk  to  be  accounted  for  in  some  other  form. 

SUiiiiAiCY 

It  has  been  shown  that  about  one-tliird  of  the  magnesimTi  in 
milk  is  present  in  the  casein-containing  colloid  and  that  the 
calciuiii  to  mar;nesiuia  mol  ratio  in  the  colloid  is  about  1$:1. 
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FIGURE  LEGEM) 

Figiire  !•    Calcium  and  magnesium  analysis  of  ultracentrifuged 
milk  seinims*    Open  circles  indicate  averages  of 
two  or  three  calcium  deterrainations •  Closed  circles 
indicate  averages  of  four  or  five  magnesium 
determinations • 


